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Based on established linkages between ferrimagnetism
and heavy metal concentration of anthropogenic parti-
culates, we attempt here to delineate pollutant resid-
ing domains and study the role of surface runoff and
wind circulations over its redistribution in the Pune
Metropolitan Region (PMR) in Maharashtra. A total
of 118 samples collected in a ~3x 3km grid during
pre- and post-monsoon seasons for surface soils, bed-
rock, dust and rainwaters were analysed for magnetic
susceptibility () and the isothermal remanent mag-
netization (IRM). The g; in the soil profiles decrease
from bedrock to intermediate soil horizons but nota-
bly increase towards top. Spatial variations based on
the fundamental rock magnetic parameters (y: and
their frequency dependency (x4), Saturation IRM,
demagnetization ratio) and knowledge of the polluting
sour ces show significant anthropogenic loading for the
topsoils. The study further reports remarkable post-
monsoon changes in all the parameters controlled by
surface run-off due to slope variation which appears
to be the most effective mechanism of redistribution
and dumping the topsoils loaded with anthropogenic
particulate matters. Distribution of x.% further
infers wind as another important agent for dispersal
of finer ferrimagnetic particulate matters predomi-
nantly controlled by the topography amongst other
meteorological factors. Additional data for succeeding
yearswould help in modelling the redistribution sensi-
tivity and heavy metal residence effect for the topsoils
and sedimentsin the PMR region.

Keywords: Anthropogenic loading, particulate matters,
rock magnetism, soils.

SURFACE loading of anthropogenic dust and aerosol parti-
culate matters (PM) play an important role in deteriorat-
ing the natural qualities of soil, water and air in the urban
and industrialized areas. Knowledge of the distribution
and residence (by surface loading) of anthropogenic par-
ticulates and understanding the re-distribution mechanism
through atmospheric agencies like precipitation and wind
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circulation is essential to determine the extent to which
the deterioration has occurred and also to envisage the
long term residence effects in soil and water. Surface
topography and prevailing wind conditions are the key
factors of initial control over the distribution and redistri-
bution of the topsoils along with PM. Discrimination of
the anthropogenic from lithogenic (geogenic) components
of the topsoils is therefore crucial in estimation of the
anthropogenic loading in the urban and industrialized
zones.

Urban soils are recipients of large amount of heavy-
metal-rich dust from a variety of sources including indu-
strial waste, vehicular emission, coal burning and other
human activities. Heavy metal study in the urban soils
therefore acts as useful criteria for investigating environ-
mental pollution. A direct and empirical relationship
between heavy metal concentration and mineral magnetic
parameters has been widely reported from various case
studies'™*. Magnetic methods are particularly favoured
due to their several advantages over geochemical methods
amongst its non-destructive nature, rapid analysis to pro-
duce a large qualitative and quantitative database, and
relatively inexpensive nature of analysis™'®. These
methods are particularly useful in estimating the concen-
tration and distribution besides discrimination of mag-
netic mineralsin natural and urban environments. However,
knowledge of the source of magnetic susceptibility
signals is essential to infer the anomaly and relate with
pollution studies; which can be readily explored through
routine rock magnetic analysis. The present study is
therefore aimed at finding out the magnetic susceptibility
distribution for topsoils in the Pune Metropolitan Region
(PMR) during pre- and post-monsoon periods to under-
stand the style of distribution and the mechanism of
re-distribution of the anthropogenic loading, with a
sampling grid of ~3 x 3 km.

Background

Anthropogenic dust arising from fossil fuel burning and
industrial emissions can result in massive injection of
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mineral aerosols into the atmosphere®'*2%, The resulting
climatic effect is comparable to that from clouds® and it
significantly affects the cycles of N, S and atmospheric
oxidants?®. An annual average of 40% (locally reaching
70%) of the total sulphate is associated with mineral dust
over Asia, the Western United States, Australia and North
Africa and large parts of the oceans have over 10% of
sulphate associated with mineral aerosols®™. Recently,
Gaffney and Benjamin? produced a Pune Regional Emis-
sion Inventory to identify the most important sources of
PM-air pollution in the entire Pune district. They deve-
loped a broad PM emission inventory by accounting for
the sources of particulate emission and the quantity of
PM emitted by each source, indicating that air quality in
Pune district is greatly impacted by PM besides pollutants
such as oxides of nitrogen (NO,) and volatile organic
compounds. Their®® estimate for Pune district PMyg
emission has shown that the significant sources of PM-air
pollution are agricultural land preparation operations,
paved and unpaved road dust, brick kilns and vehicular
exhaust emission. These studies further point out that the
agricultural emission would be a much smaller contribu-
tor to the local PMy, emission estimates directly within
the city and obviously more of the point sources like
industry and vehicles are expected to contribute signifi-
cantly in the metropolitan region.

Heavy metal concentration and magnetic
parameterslinkages

Large quantities of heavy metals from a variety of
sources including industrial waste and emission, vehicu-
lar emission, coal burning and fly ashes contain a signifi-
cant amount of ferrimagnetic minerals characteristic of
source**®82”  Magnetic and heavy metal concentration
can often be correlated although several factors may
dilute the linkages between them®®. The direct relation
may be either due to incorporation of heavy metals into
the lattice structures of Fe-rich fly-ash particles in the
fossil fuels during combustion or subsequent incorpora-
tion of heavy metals onto the surface of ferri-/antiferro
magnetic carriers present in the soils*. However, the data
based relationship between heavy metals and magnetic
parameters in the soils, dust and aerosols is particularly
strong® %1223 pyrite and other iron impurities in the
pulverized coals are transformed into molten spherules of
magnetic iron oxides (i.e. magnetite, maghemite, haema-
tite and their mixtures) and iron, liberating SO, as gase-
ous components®*®3%3  Thus, a fraction of iron is
ultimately converted into ferrimagnetic minerals, which
are in turn emitted into the atmosphere together with other
phases®. Depending on the shape and size, the anthropo-
genic ferromagnetic minerals from stack emission are
transported as dust or aerosols over variable distances
before being deposited on the soil surface®. One of the
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mechanisms proposed is surface adsorption of metal
oxide (magnetic phases) during fly ash formation®,
Some workers also refer to a preferential adsorption of Pb,
Zn, Cu, Cr, Cd on the surface of iron(l11) oxyhydroxides
as an alternative mechanism to describe the association
with heavy metals. In various studies, the relationship
between magnetic susceptibility and heavy metal concen-
tration was further explored by using advanced statistical
methods like Fuzzy C-means cluster analysis in the areas
of multiple pollution sources®®**** The magnetic sus-
ceptibility values along highways are found to be posi-
tively correlated with heavy metals, in particular Pb, Cu,
Cd and Zn; and the magnetic particles are often found
agglomerated with lead'®*,

Magnetic properties therefore can be effectively used
as ‘proxy’ for estimating the contamination in various
natural systems. The close relationship of magnetic sus-
ceptibility with heavy metal contamination in majority of
the cases has been proved by combined analysis of
chemical and magnetic data (op. cit). Some of them show
that the magnetic particles and heavy metals are produced
independently by the same process’. Y et the relationship
amongst the magnetic properties and pollutants are com-
plex and they are characteristic for each industrial or
vehicular process demanding detailed investigation for
the given case study.

The Pune Metropolitan Region

Pune is situated near the western margin of the Deccan
basaltic province at the leeward side of the Western Ghats.
It is abroad open valley at a height of about 560 m above
msl in the upper Bhima basin and is traversed by the
Mula, Mutha and Pavna rivers. The city is surrounded by
hills to its eastern and southern sides and the Katraj—
Diveghat range makes its southernmost boundary (Figure
1). The highest elevation point within the city is Vetal
hill (800 m) and that in the outskirts is Sinhgad fort
(1400 m). The city centre is located near the confluence
of Mula and Mutha rivers. The other main river
approaching the city is Pavna entering from the northern
side of the city and joins the Mula river at a place called
‘Dapodi’ (Harris Bridge). After this confluence, the Mula
river meanders towards the city centre and meets Mutha
river which comes from the SW part of the city. The con-
fluence of Mula—Mutha rivers occurs near the Engineer-
ing College (COEP/Sangam Bridge), turns eastward and
is named as Mula-Mutha river. Some canals are also pre-
sent in the city out of which Mutha right bank is the most
important, providing water to the southern part of the
city. Another canal (New Canal) joins the Mutha right
bank canal in Koregoan Park near the race course. Apart
from the canal and the main rivers, Pune is surrounded by
some major/minor irrigation projects such as Khadakva-
sala, Panshet, Varasgoan, Bhatghat and Virchaskaman.
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All these projects act as major sources of drinking and
irrigation water for the city and adjoining areas. Some
small lakes are also present within and outside the city
like Pashan lake, Vishrantwadi lake, Mastani lake and
Katrgj lake. These lakes are also a source of drinking and
irrigation water.

The PMR includes Pune urban area, Pimpri—Chinchwad
Corporation, Khadki and Dehu Road cantonment and a
few semi-urbanized villages on its periphery. The Pune
city urban area is extended to 700 sq. km, whereas the
PMR is 1605 sg. km. Once called the cycle city during
the 1970s, Pune has grown into a metropolis with high
vehicle density, major industries and growing population.

Climate

Pune has a typical monsoon climate with three distinct
seasons like the rest of the country. The above mean sea
level altitude, the leeward location of the city with refer-
ence to Western Ghats and the sea breeze make the city’s
climate moderate. The mean maximum and minimum
temperatures for the hottest month (May) are 37°C and
23°C and that for the coldest month (December) are 30°C
and 12°C respectively. The relative humidity ranges from
36% in the month of March to 82% in August. Three-
fourths of the annual rainfall of 70 cm occurs in four
months from June to September.
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Figure 1. The study area map prepared with the help of www.
wikimapia.org, showing the important localities, roads and other features
quoted in the text. The rectangle marked ‘I’ is the grid area used for pro-
ducing the digital elevation, contour and slope maps (asin Figures 2 and 3)
in a2x2 km grid; whereas the area marked ‘I’ is the actual sampling
sites (numbered) used for the analysis adopting a3 x 3 km grid.
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Fieldwork, sampling and laboratory analysis

A latitude/longitude controlled map with 2 sg. km grid
covering an area of 1760 sg. km for the PMR is prepared
with the help of Wikimapia and Google Earth (see Figure
1). A contour map and digital elevation model is prepared
using Surfer-7 software by assigning the average heights
for each grid (Figure 2a and b). The Pune city centre
corresponds to a relative depression and the confluence
area for Mula and Mutha rivers surrounded by isolated
hills and hillocks. Mula, Mutha and Pavna rivers carve
out distinct valleys for major part of the PMR (see Figure
2). A slope vector map is generated using Surfer-7 (Fig-
ure 2a) in which an arrow marks the slope direction, and
the length of segment is proportional to the slope gradi-
ent. Slopes in the S, SW and NW quadrants are undulat-
ing while they are gentle in the NE corner. The effect of
slope on magnetic variable is discussed in the results.

Since the 2 x 2 km grid used for the DEM and slope
maps (Figures 1 and 2) is too close as sampling interval
for the present study; a 3 x 3 km grid was adopted for the
pre- and post-monsoon soil sampling (see Figure 1 (11)).
Topsoils (<15 cm) and the bedrocks were sampled from
open grounds, gardens, parks, roadsides and forest areas
within the predefined square grid pattern. In order to
assess the contribution from natural sources (pedogenic/
lithogenic), four sections of soil profiles, and two flood
plain deposits of Pavna and Mula rivers have been studied
in detail. Further, to avoid site specific bias, three sam-
ples were collected from each grid and mixed by coning
and quartering. Rainwater samples were collected during
monsoon periods at selected sites for a period of 35 days
from 15 June to 20 July 2007 in 15 litre buckets.

Soil samples were lightly crushed and homogenized by
coning and quartering and packed in three non-magnetic
pots each by wrapping in cling films. Low and high fre-
guency (0.47 and 4.7 kHz) magnetic susceptibility meas-
urements were made for each pot by repeating 6 times
each frequency using MS-2B Bartington magnetic sus-
ceptibility meter. This is followed by the isothermal
remanent magnetization (IRM) analysis (described here).
All the rock magnetic analyses are performed at the K.S.
Krishnan Geomagnetic Research Laboratory (I11G), Alla-
habad.

Magnetic susceptibility

Magnetic susceptibility in the environmental samples is
the sum total of the susceptibilities of ferro-, ferri-,
antiferro-, para- and diamagnetic constituents'. Using a
low external magnetic field (<250 uT), the influence of
ferro- and ferrimagnetic components can be ascertained
by blocking the effects for others'®. A frequency depend-
ent susceptibility measurement involves detecting
ultrafine ferrimagnetic (also called super paramagnetic
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Figure 2. a, Contour map along with the slope vector data prepared using the 2 x 2 km grids of area ‘I’ men-
tioned in the Figure 1. The vectors are in the direction of slope with its length proportional to the slope gradient
intensity. b, Digital elevation map (DEM) for the same grid in the rectangular area of ‘I’ as above. Both these

maps generated using Surfer-7 software.

(SP) fraction of <0.03 u) and to some extent the single
domain (SD ~ >0.03 to <0.06 u fraction) by using two or
more frequencies (e.g. 0.47 and 4.7 kHz) at the constant
low applied field™>*°. Higher frequency (4.7 kHz) meas-
urements do not allow SP grains to react with the applied
external field, as it changes more quickly than the
required relaxation time for SP grains. As aresult, in the
higher frequency, lower values of susceptibility are
encountered and the difference is equated to estimate the
SP ferrimagnetic particles. Mathematically, it can be
expressed as 4% = { (v — i) e X 100}, where y; is
low frequency (0.47 kHz) susceptibility and iy is of
higher frequency (4.7 kHz).

4

I sothermal remanent magnetization

Remanent magnetism arising out of the short-term expo-
sure to strong magnetizing fields at constant temperatures
known as IRM is measured at room temperatures in
forward (acquisition up to 1000 mT) and reverse (demag-
netization up to —300 mT) directions of the applied field
producing the remanance hysteresis loops for each
specimen. SIRM is the field at which saturation in IRM
acquisition occurs, and it depends upon the composition,
microstructure and concentration of the magnetic mine-
rals in a specimen™®. Coercivity of remanence (Bcg) is the
demagnetizing factor, where SIRM is completely demag-
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netized. It is used to identify the magnetic mineral com-
position when ferri- as well as canted antiferromagnetic
minerals are present or is sensitive to grain size (domain
size) when the ferrimagnetic minerals alone are present as

in the present case'®#344,

Results and discussion

Average soil cover in the PMR region varies from 0 to
3 m, and more commonly in between 10 and 30 cmin the
city area. The topsoil colours vary from dark brown
(7.5 YR) to black (10 YR) in the standard Munsell nota-
tions®™. As the iron oxides play a fundamenta role in
imparting the characteristic colours to the soils, a soil
colour map based on Munsell notations is prepared for
the topsoils in the sampled grid area (Figure 3), to relate
them with studied magnetic parameters. The soil colour

11.5 km

Scale

Soil index (based on Munsell colour)

- Dark brown (7.5 YR 3/2-3/4)

- Very dark brown (7.5 YR 2.5/2, 2.5/3)
- Dark reddish brown (5 YR 3/2-3/4)
Bl Dark greyish brown (10 YR 4/2)
- Brown (7.5 YR 5/2-5, 4/2-4/4)

I Sstrong brown (2.5 YR 5/1)
I Darkred (25 YR 5/1)

- Reddish grey (2.5 YR 5/1)

I Weak red (10 YR 5/4)

- Dark yellowish brown (10 YR 4/6)
I Black (10 YR 2/1)

Figure 3. A soil colour map for the PMR region developed by using
the Munsell colour charts (Munsell*®) for the sampled grid area-1.
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shows very dark brown (7.5 YR 2.5/2 to 2.5/3) to dark
brown (7.5 YR 3/2 to 3/4) in the NE corner and some of
the central parts of the PMR. The hilly areasin S, W and
SW show large variations from yellowish brown (10 YR
4/6) to dark red (2.5 YR 5/1). Areas near the channels
with water logging conditions show dark grayish brown
(10 YR 4/2), reddish grey (2.5 YR 5/1) and black (10 YR
2/2) colours.

We sampled the soil profiles from bedrock (parent) to
topsoils to see the variation in magnetic susceptibility. An
ideal profile in the grid number 77 has been studied in
detail for the field observations and rock magnetic pro-
perties (see Figure 4). It shows that the susceptibilities
and frequency dependence increases in the immediate soil
horizons while it drops in the intermediate horizon. Then
the susceptibility and SIRM increases towards top with
simultaneous decrease in the coercivity and frequency
dependency. This shows increasing influx of the coarser
ferrimagnetic fraction for the topsoils that can be of detri-
tal and/or anthropogenic nature. We further study the spa-
tial patterns to infer the influx in topsoils. The mean mass
normalized susceptibilities (y;) shows higher values for
the bedrocks and decrease in order from the pre-monsoon
soil > dust > rainwater filtrates (Table 1). It is also noted
that the yi; (as well as y4%) shows significant decrease
(>20%) for the post-monsoon soils. This suggests either
the dilution of topsoils by addition of new, less ferrima-
gnetic material or the removal/erosion of topsoils. Both
these possihilities are further studied by spatial plots of
Surfer (Figures 5-8) and discussed here. No significant
differenceisfound in the statistical means of fundamental
rock magnetic properties such as Sratio and Bcr for the
average values of the pre-monsoon soils, bedrocks, dust
and rain water samples that suggest predominantly ferri-
magnetic mineralogy with SD-MD domain size. How-
ever the concentration dependent parameters (SIRM and
zit) show discrete values for each of the sampling
domains. The fundamental rock magnetic parameters (s,
Zid%, SIRM and Sratio) for pre- and post-monsoon peri-
ods are therefore described in integration to topography,
slope map and the locality characteristics in the Figures
5-8.

Comparison of pre- and post-monsoon soil susceptibili-
ties (Figure 5) shows that a major peak for the pre-
monsoon soils in the NW corner of the Chinchwad and
Wakad area has been notably reduced for post-monsoon
soils. The DEM (Figure 2) shows this area as a relatively
low lying region between Mula and Pavna valleys.
Two major highways of heavy traffic (Pune-Mumbai and
the Expressway) converge in this region that suggests
loading by PM related to vehicular dust. Slope map (Fig-
ure 2) shows gentle slopes towards SE in this area sug-
gesting the surface run-off during monsoon as a major
control of redistribution. Further, there is a dome shaped
peak at the Sangam Bridge and Pune Railway Station
area for the pre-monsoon soils which diminishes during

5



RESEARCH ARTICLES

Table 1. Descriptive statistics for the fundamental rock magnetic parameters (y: mass normalized susceptibility in 10° m%kg, x4%: frequency
dependence of susceptibility percentage, Ber: coercivity of remanance in mT and SIRM: saturation remanance magnetization in 10e-5 Am?/kg),
separately exercised for the pre- and post-monsoon soils, bedrocks, dust and rainwaters

2t Xd%0 Al a0 Xt Xid% Bcr SIRM Sratio Bcr SIRM Sratio
pre-soil  pre-soil post-soil post-soil bedrock bedrock pre-soil pre-soil pre-soil  bedrock bedrock bedrock
Soil and bedrock
Mean 78.61 2.40 59.78 1.35 79.78 3.96 39.23 1850581 -0.57  40.08 26,340.32 -0.51
Median 65.76 1.64 55.72 117 54.84 2.09 40.00 10,625.20 -0.56 50.00 19,843.84 -0.51
SD 46.24 381 25.75 0.96 66.87 5.82 11.86 20,746.13 0.14 13.95 20,538.92 0.22
Kurtosis 10.99 2291 1.32 -0.06 262 17.07 -1.28 5.14 333 -150 281 -0.52
Skewness 2.73 451 0.90 0.70 1.76 3.75 -0.14 2.46 061 -0.29 172 0.05
Minimum 21.66 0.20 18.49 0.00 13.63 0.00 20.00 335110 091 20.00 6,384.34 -0.92
Maximum 303.61 24,00 146.03 380 27294 3251 60.00 90,322.28  -0.05 64.00 90,897.27 -0.05
Xt Y Mid Xid%0 Bcr Sratio
Dust
Mean 59.57 59.82 -026 -041 52.00 -0.31
Median 56.47 56.18 -046 -0.83 47.00 -0.30
SD 12.44 12.62 0.48 0.82 3.33 0.05
Minimum 48.97 49.43 -060 -09%4 36.00 -0.49
Maximum 73.26 73.86 0.30 0.53 53.00 -0.30
yAl yA Xid Sratio Ber
Rainwater
Mean 10.60 10.62 396 -0.60 42.48
Median 8.93 9.60 0.00 -0.59 42.50
Sib] 5.76 5.74 5.82 0.04 311
Minimum 1.87 2.13 0.00 -0.73 32.00
Maximum 22.67 21.87 2250 -0.55 47.00
) g% SIRM
Ly
B 8 & & & MEomgEa g § & & B
&8 8 8 8 8

Figure4. A typica soil profile in the sampled grid area (in the grid no. 77 of Figure 1) analysed for detailed rock mag-
netic study. It shows a large variation in all the properties with notable increase in the concentration of ferrimagnetic
particles for the top soils. YB, yellowish brown; BR, brownish red; YR, yellowish red. The dark filled area at the bottom

of the log shows the bedrock.

the post-monsoon period and a ridge shaped anomaly
emerges during post-monsoon in the region from
Kothrud, Swargate to Pune Cantonment area. This ano-
maly coincides with the eastward slopes converging with

6

northward slope in the cantonment area producing a peak
within the ridge suggesting the transportation and
re-deposition of the anthropogenically loaded topsoils
during rainy season. Another peak in z; emerges at the
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Figure5. The elevation maps for mass normalized susceptibilities (xr, 10 m¥/kg) showing distribution pattern
for the soils of PMR over pre- and post-monsoon periods for the sites in the grid area I1. Details on variation in

the susceptibility pattern is discussed in text.

NE corner for the pre-monsoonal soils. This peak occurs
in the Alandi and Dehu road area which is heavily indus-
trialized and has higher density of heavy and light vehicle
traffic. The Dehu road also has a busy railway station.
This suggests a heavy anthropogenic loading in the area
giving rise to higher susceptibility values of the above
peak. In the post-monsoon scenario, a conspicuous peak
in y: emerges in the Yerawada region (Figure 5). It can
be noted that there was no peak in this area for the pre-
monsoon soils. Considering the slope map, there is a con-
fluence of three regional slopes. (a) from north, the
Dehu-Alandi area, (b) from west, the Shivajinagar area
and (c) from the SW, the Pune Railway Station and other
heavy traffic areas. This suggests that the sediments/
topsoils with ferrimagnetic materials during rainy season
are transported from (@), (b) and (c); and re-deposited in
the Yerwada region. These inferences suggest that the
monsoon precipitation governed by surface slopes play an
important role in the redistribution of the topsoils. There-
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fore the areas of merging two or more slopes are also the
sites of major dumping of the anthropogenically loaded
topsoils.

The frequency dependence of susceptibility (y:q), which
is sensitive to the concentration of finer ferrimagnetic
particles in the range of typically less than 0.06 u'®#*%
shows a notable pre-monsoon anomaly in the northeast-
ern part near the old Mumbai—Pune road (the traffic junc-
tion for heavy as well as light vehicles). The other minor
peak emerges in the south near the Solapur road which is
again amixed traffic junction of Hadapsar. Thereis signi-
ficant modification in the post-monsoon soil 4% with
several new peaks and troughs emerging. More noticeable
amongst this is the N-S ridge shaped anomaly in the
eastern margin. It can be postulated that the prevailing
strong eastward monsoonal winds might have carried the
finer ferrimagnetic particles (to which 4 is sensitive)
and deposited in this eastward direction producing the
given pattern. The geometry of this ridge corresponds to
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monsoon soilsin the PMR region of the grid 11.
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that of the topography of the area (see Figure 2) acting as
a barrier to drop the particles. The 4% therefore indi-
cates that the monsoonal winds are the most effective
redistributing agent for the finer ferrimagnetic particles
(wind-blown dust) in the mountain slopes, where the
mountain ridges act as barrier to wind currents.

Further in order to analyse the bedrock—soil relations,
we plot the concentration dependent parameter (SIRM)
and the mineralogy/grainsize dependent parameter (S
ratio) for the pre-monsoon soils and bedrocks (Figures 7
and 8 respectively). The SIRM in the bedrock shows
variability especially in the northern part where
pedogenesis and bedrock weathering is more prevalent
compared to the southwestern and southern parts (Figure 7).
The higher SIRM in the northern part therefore suggests
enrichment due to weathering where the easily weathered
weakly magnetic minerals like feldspar and quartz are
removed. Although there are high SIRMs in the soils in
the northern half, there is no one-to-one correlation
between bedrock and soil susceptibilities. This suggests
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The Sratio elevation map for the bedrocks and the pre-monsoon soils in the PMR region (grid I1).

that the variation in topsoil magnetic parameters is inde-
pendent of the immediate bedrock lithogenic variations
indicating that either the transported nature of topsoils or
input from clay particles is in the form of dust in the
topsoils.

The coercivity of remanance (Bcr) and Sratio are
indicative of an overall predominance of the ferrimag-
netic mineralogy for all the studied samples in the PMR
region. In this instance the variation in Sratio is broadly
controlled by the variation in ferrimagnetic grainsize
(Figure 8). The S-ratio shows relatively less peakedness
but more undulations for the soils compared to the
bedrocks. This probably indicates the re-distributing
tendency for soils to normalize the peakedness.

Road profiling

In order to study the mineral magnetic variations due to
vehicular activity, systematic sampling was conducted for
the road profiles (normal to the roads, Figure 9) for some

9



RESEARCH ARTICLES

Alandi-Pune road profile (S-ratio)

Lohegaon road profile (S-ratio)
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Figure9. Variation in the soil rock magnetic properties sampled at 1 m interval for the two important roads in the PMR region.

of the heavy traffic areas in the city. Care has been taken
to choose such roads where there was no rain and no
sweeping activity at least for the last 2 months during
summer. A profile of the Alandi—Pune road shows a sharp
decrease in the concentration dependent parameters (i
and SIRM) within first 4 m interval from the side of the
road (Figure 9). However, the x¢% and Sratio do not
show any notable trend for this road. The Bcr shows a
major drop within 2 m indicating that the concentration
of larger ferrimagnetic grains is restricted within these
2 m of the road profile. The other road profile that was
taken from one of the busy traffic areas near the
Lohegaon airport also behaves in a similar manner with
decreasing trend of concentration dependent parameters

10

within 4—6 m from the roadside. Similarity in the behav-
iour of rock magnetic parameters for both the roads infers
that the effective accumulation from the vehicular emis-
sion occurs well within 6 m from the roadsides. However
detailed work is needed to relate the other variables like
effect of slope, vehicle frequency, seasonal change and
type of traffic, etc.

Conclusion

The present study indicates that an integrated bedrock-,
topsoil-, dust- and rainwater sampling for the pre- and
post-monsoon periods in a grid manner is the most effec-
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tive method of soil magnetometry to assess the anthropo-
genic loading in the metropolitan regions. The bedrock
and soil composition in the PMR region is mainly of
ferrimagnetic nature and their concentration and grainsize
in the topsoils is mainly governed by the anthropogenic
loading and its redistribution. Surface water run-off dur-
ing monsoon precipitation controlled by relief is the chief
mechanism of redistribution of topsoils and sediments
loaded with anthropogenic PM. Prevailing winds during
summer and monsoon seasons appears to be another effi-
cient agent for large scale dispersal of the finer ferrimag-
netic particles (<0.06 u). This too appears to be governed
by the surface topography in the PMR area, where the
wind flow direction is eastward. Further, the roadside
topsoils and sediments in heavy traffic areas infer that
majority of the ferrimagnetic concentrations occur within
6 m.

Work is in progress along with geochemical approach,
aerosol sampling and source apportionment to develop a
suitable model for redistributing sensitivity to seasonal
changes and the residence tendency of the heavy metal
PM in the PMR region.
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